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PURPOSE: To reduce reflected light from a substrate through a simple method by forming 
a part or the whole illumination light in inclined light to a specified region and forming the 
polarized light of inclined light in linearly polarized light contained in the plane of incidence 
of inclined light. 

CONSTITUTION: Beams emitted from a KrF excimer laser beam source 81 changed into 
a narrow zone are linearly polarized. The beams are projected to a fly's eye lens 83 
through a collimator lens 82. A mask 85 is irradiated with polarized and rotated beams in 
the plane of incidence by a spatial filter 1 1 placed at the rear of the fly's eye lens 83 
through a condenser lens 84. The colarized light of illumination light is formed in 
p-polarized light to the plane of incidence. Accordingly, reflected light from a substrate can 
be reduced remarkably and simply without using an antireflection film and a die-containing 
resist. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]An illumination optical device which illuminates a predetermined region on an 
object uniformly by illumination light from an illumination-light study system, comprising: 
A means which makes tilted light a part or the whole of said illumination light to said 
predetermined region. 

A means which makes polarization of said tilted light linear polarization included in an 
entrance plane of said tilted light. 

[Claim 2]The illumination optical device according to claim 1 , wherein polarization of 
illumination light is P polarization to incident planes. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This inventions are manufacturing processes, such as an integrated 
circuit or a liquid crystal display element, and relate to the illumination optical device which 
are some exposure devices used for transfer of a circuit pattern. 
[0002] 

[Description of the Prior Art]ln the exposure process of an integrated circuit or a liquid 
crystal display element, it transfers to the resist which applied the circuit pattern on a mask 
on the substrate using the exposure device. Since semiconductor devices have three- 
dimensional structure, a level difference exists in a substrate in many cases. Since it 
reflects in an oblique direction, the problem that it will be exposed to the portion which 
shaded with the mask produces the light which entered into the substrate step part. If the 
reflectance of a substrate is large even when a substrate is superficial, resist shape will 
deteriorate under the influence of a standing wave. In order to solve these problems 
conventionally, the method of stretching an antireflection film on a substrate is known, the 
resist containing a die - **** the method of reducing the light which reaches a substrate 
by things is also known. 
[0003] 

[Problem(s) to be Solved by the InventionJSince contamination of a substrate is produced 
depending on a process, the method of using an antireflection film may be unable to be 
used. There is also a problem that the man day for stretching an antireflection film will 
increase. In order to reduce greatly the light which reaches a substrate using the resist 
containing a die, it is necessary to enlarge the absorptivity of resist. As a result, the problem 
which is vertical and it is lost occurs. 

[0004]The purpose of this invention solves the above-mentioned problem, and there is in 
providing the illumination optical device used for the exposure device which reduces the 
catoptric light from a substrate by a simple method. 
[0005] 
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[Means for Solving the Problem]An illumination optical device whose this invention is 
characterized by that an illumination optical device comprises the following and which 
illuminates a predetermined region on an object uniformly by illumination light from an 
illumination-light study system. 

A means which makes tilted light a part or the whole of said illumination light to said 
predetermined region. 

A means which makes polarization of said tilted light linear polarization included in an 
entrance plane of said tilted light. 

[0006] 

[Function]The illumination light is diffracted with the pattern on a mask. If a mask pattern 
becomes detailed, an angle of diffraction will become large. For this reason, as shown in 
drawing 2 (a), in order that only the zero order light 25 may pass the projection optical 
system 27 in the direct incidence illumination light 21, an image is not formed on the wafer 
28. On the other hand, in order that the primary [ +] light 26 or the primary [ -] light 24 may 
pass a projection optical system in addition to zero order light 25 in the case of the oblique 
incidence illumination light 29 like drawing 2 (b), an image is formed on the wafer 28. 
[0007]Then, two kinds of things shown in drawing 3 (a) and (b) as a secondary light source 
of an illumination-light study system are considered. 

[0008]Since the openings 31 and 32 are separated from the center of the secondary light 
source 30, the illumination light enters from an oblique direction to a mask. The position of 
an opening is equivalent to the portions of sigma=0.5 - 0.6, when expressed with the 
coherent factor sigma usually used. The difference between drawing 3 (a) and drawing 3 
(b) is in the polarization direction of the illumination light. Although the light which passes 
the opening 31 is P polarization to incident planes in drawing 3 (a), the light which passes 
the opening 32 is S polarization to incident planes in drawing 3 (b). 

[0009]The mask of drawing 4 is irradiated with such illumination light, and the electric-field- 
strength distribution 51 when image formation is carried out to the resist film 52 on Si 
substrate 53 which had a level difference according to the projection optical system is 
shown in drawing 5 and drawing 6 . The level difference direction is arranged in the direction 
which intersects perpendicularly with the incident planes of the illumination light so that the 
influence of reflective may become the largest. Drawing 5 corresponds to P polarization 
and drawing 6 supports S polarization. The width of the shade part 23 on the mask of 
drawing 4 and the area pellucida 41 is 0.2 micrometer when it projects on a wafer. The 
numerical aperture of illumination light of KrF excimer laser light (wavelength of 248 nm) 
and a projection optical system is 0.6. Resist reacts to an electric field and it is known that a 
magnetic field will not contribute to sensitization of resist. If the electric-field-strength 
distribution in resist is seen, by P polarization, it will not have invaded to catoptric light 
invading to a shaded part in S polarization. For this reason, if the illumination-light study 
system of drawing 3 (a) is used, the influence of substrate reflection can be reduced. 
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[0010]The reason which such a phenomenon produces is explained below. It is known that 
the reflectance of light changes greatly with polarization conditions. For example, if light is 
entered into a medium without absorption by a brewster's angle, the reflectance of P 
polarization will be set to 0. Since a semiconductor substrate generally absorbs light, a 
brewster's angle does not exist, but when light enters aslant, the reflectance of P 
polarization becomes much smaller compared with S polarization. The result of having 
calculated the reflectance in the interface of resist (the refractive index n= 1.76, absorption 
index k= 0.012) and Si (n= 1.41, k= 3.35) concretely is shown in drawing 7 . The refractive 
index used for calculation is a value in the wavelength of lambda= 248 nm of a KrF excimer 
laser. The reflectance of P polarization of an incidence angle near 60 degrees has fallen in 
the half grade of S polarization. Since the direction of an induced current and the direction 
of an electric field which are produced in an interface are in agreement as physical 
explanation in S polarization, a big induced current arises, and reflectance becomes large, 
but since it is not in agreement in P polarization, it becomes difficult to produce an induced 
current and reflectance falls. Calculation of the reflectance of drawing 7 corresponds, when 
light enters into a superficial substrate from an oblique direction, but if direction of an 
induced current is taken into consideration also in the case of a substrate with a level 
difference, the same phenomenon will arise. 
[0011] 

[Example]The 1st example of the illumination optical device of this invention is shown in 
drawing 8 . Linear polarization of the light which came out of the narrow-band-ized KrF 
excimer laser light source 81 is carried out. This light enters into the fly eye lens 83 through 
the collimating lens 82. The light by which polarization rotation was carried out into incident 
planes with the spatial filter 1 1 placed behind the fly eye lens 83 illuminates the mask 85 
through the condensing lens 84. The plan of the spatial filter 11 is shown in drawing 1 . 1 / 
2lambda boards 12, 13, and 14 are inserted in the small opening corresponding to the fly 
eye lens 83 so that a polarization direction may serve as linear polarization in each incident 
planes. If the spatial filter 91 shown in drawing 9 instead of the spatial filter 11 is used, 
resolution will improve by the effect of zona-orbicularis lighting. 92-95 in a figure are 1 / 
2lambda board. 

[0012] Drawing 10 is the 2nd example of the illumination optical device of this invention. 
Linear polarization of the light which came out of the narrow-band-ized KrF excimer laser 
light source 81 is carried out. A plane of polarization rotates this light by passing along the 
polarization rotation element 101. The amount of polarization rotations is controlled by the 
polarization rotation control section 102. The laser beam is scanning the whole surface of 
the fly eye lens 83, or its part by rotating the reflectors 103 and 105 to direction crossing at 
a right angle by the rolling mechanisms 104 and 106 simultaneously, respectively. By 
doubling the timing of the polarization rotation control section 102 and the rolling 
mechanisms 104 and 106, it is controlled so that the illumination light from the fly eye lens 
83 always turns into linear polarization in incident planes. As a combination of the 
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polarization rotation element 101 and the control section 102, 1 /2lambda board, a rolling 
mechanism, etc. can be used, for example. 

[0013]Although the KrF excimer laser was used as a light source in the above example, an 
ArF excimer laser, i line of a high-pressure mercury lamp, g line, X-rays, etc. can also be 
used instead. What is necessary is just to insert polarizing elements, such as a polarizing 
plate, between a light source and a polarization rotation element, when the light source is 
not polarizing. A substrate is also applicable not only to Si but all things, such as aluminum 
and Si0 2 . 

[0014] 

[Effect of the lnvention]As explained in full detail above, according to the illumination optical 
device of this invention, not using an antireflection film or the resist containing a die, ** can 
also reduce the catoptric light from a substrate remarkably simple. 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] The figure showing the 1st example of the spatial filter used for the illumination 
optical device which is the 1st example of this invention. 

[Drawing 2] The figure showing the direction of movement of the diffracted light by direct 
incidence lighting and oblique incidence lighting. 

[Drawing 3] The figure showing the shape and the polarization direction of a secondary light 
source in oblique incidence lighting. 

[Drawing 4]T he mask which consists of a shade part and area pellucida. 

[Drawing 5] The electric-field-strength distribution map in resist at the time of carrying out 

oblique incidence lighting by P polarization. 

[Drawing 6] The electric-field-strength distribution map in resist at the time of carrying out 
oblique incidence lighting by S polarization. 

[Drawing 7] The figure showing the polarization dependency of catoptric light. 

[Drawing 8] The figure for explaining the illumination optical device which is the 1st example 

of this invention. 

[ Drawing 9] The figure showing the 2nd example of the spatial filter used for the illumination 
optical device which is the 1st example of this invention. 

[Drawing 10] The figure for explaining the illumination optical device which is the 2nd 
example of this invention. 
[Description of Notations] 
1 1 Spatial filter 

12, 13, and 14 1 / 2lambda board 

21 Direct incidence illumination light 

22 Glass substrate 

23 Shade part 

24 Primary [ -] light 

25 Zero order light 

26 Primary [ +] light 
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27 Projection optical system 

28 Wafer 

29 Oblique incidence illumination light 

30 Secondary light source 

31 and 32 Opening 
41 Area pellucida 

51 Electric-field-strength distribution 

52 Resist film 

53 Si substrate 

81 Laser light source 

82 Collimating lens 

83 Fly eye lens 

84 Condensing lens 

85 Mask 

91 Spatial filter 

92, 93, 94, and 95 1 / 2lambda board 

101 Polarization rotation element 

102 Polarization rotation control section 

103 and 105 Reflector 

104 and 106 Rolling mechanism 
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DRAWINGS 

[ Drawing 1] 
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[Drawing 2] 
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Drawing 4] 




Drawing 5] 




[Drawing 9] 
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[Drawing 61 
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[ Drawing 8] 
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